Background Background Cognitive disturbances
Cognitive disturbances have been demonstrated in individuals have been demonstrated in individuals with potentially prodromal symptoms in with potentially prodromal symptoms in objective^neuropsychological as well as objective^neuropsychological as well as subjective^symptomatic studies.Yet, the subjective^symptomatic studies.Yet, the relation between subjective and objective relation between subjective and objective deficits and to different prodromal statesis deficits and to different prodromal statesis unclear. unclear.
Aims Aims To explore interactions between
To explore interactions between subjective and objective cognitive subjective and objective cognitive measures in different prodromal states. measures in different prodromal states.
Method Method In participants with an early
In participants with an early ( (n n¼33) or late ( 33) or late (n n¼69) initial prodromal 69) initial prodromal state, cognitive subjective and objective state, cognitive subjective and objective deficits were assessed with the deficits were assessed with the Schizophrenia Proneness Instrument and Schizophrenia Proneness Instrument and a comprehensive neuropsychological test a comprehensive neuropsychological test battery. battery.
Results

Results Participants with an earlyinitial
Participants with an earlyinitial prodromal state were less impaired than prodromal state were less impaired than those with a late initial state. Subjective those with a late initial state. Subjective and objective cognitive deficits were and objective cognitive deficits were unrelated, except time-limited unrelated, excepttime-limited neurocognitive speed measures and neurocognitive speed measures and subjectively reduced stress tolerance, subjectively reduced stress tolerance, especially in participants with an early especially in participants with an early initial prodromal state. initial prodromal state.
Conclusions Conclusions Subjective and objective
Subjective and objective cognitive deficits are generally unrelatedin cognitive deficits are generally unrelatedin the psychosis prodrome and as such they the psychosis prodrome and as such they can add complementary information can add complementary information valuable for prediction.However, possible valuable for prediction.However, possible associations between the two levels might associations between the two levels might be better detectable in the less impaired be better detectable in the less impaired early initial prodromal state. early initial prodromal state.
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Deviant neuropsychological performance Deviant neuropsychological performance of subjects symptomatically at risk of of subjects symptomatically at risk of first-episode psychosis has been shown in first-episode psychosis has been shown in several domains including verbal memory several domains including verbal memory and executive functions, sustained attenand executive functions, sustained attention, processing speed and possibly spatial tion, processing speed and possibly spatial working memory (Carr working memory (Carr et al et al, 2000; Wood , 2000; Wood et al et al, 2003; Hawkins , 2003; Hawkins et al et al, 2004; Brewer , 2004; Brewer et al et al, 2005; Francey , 2005; Francey et al et al, 2005; Niendam , 2005; Niendam et al et al, 2006; Pukrop , 2006; Pukrop et al et al, 2006; Simon , 2006; Simon et al et al, , 2006 ). Furthermore, subtle, self-experienced 2006). Furthermore, subtle, self-experienced cognitive-perceptive disturbances have cognitive-perceptive disturbances have been shown to be predictive of later schizobeen shown to be predictive of later schizophrenia, and to be common within the psyphrenia, and to be common within the psychotic spectrum (Klosterkotter chotic spectrum (Klosterkö tter et al et al, 1996 (Klosterkö tter et al et al, , , 1996 (Klosterkö tter et al et al, , 2001 . These subjective disturbances were 2001). These subjective disturbances were suggested to characterise an even earlier suggested to characterise an even earlier state of the initial psychosis prodrome state of the initial psychosis prodrome (Ruhrmann (Ruhrmann et al et al, 2003 (Ruhrmann et al et al, ) when compared , 2003 ) when compared to the symptomatic 'ultra-high risk' criteria to the symptomatic 'ultra-high risk' criteria (Phillips (Phillips et al et al, 2000) especially developed to , 2000) especially developed to depict an imminent risk of psychosis. Yet, depict an imminent risk of psychosis. Yet, little is known about the possible associalittle is known about the possible association between subjective and objective cogtion between subjective and objective cognitive disturbances and their relation to nitive disturbances and their relation to different prodromal states. different prodromal states.
METHOD METHOD Inclusion and exclusion criteria Inclusion and exclusion criteria
A two-stage conceptualisation of the pro-A two-stage conceptualisation of the prodromal state was employed (Ruhrmann dromal state was employed (Ruhrmann et et al al, 2003) An early initial prodromal state was An early initial prodromal state was defined by the presence of at least any one defined by the presence of at least any one of the cognitive-perceptive basic symptoms of the cognitive-perceptive basic symptoms found predictive for the development of found predictive for the development of schizophrenia in the Cologne Early Recogschizophrenia in the Cologne Early Recognition study (Klosterkotter nition study (Klosterkö tter et al et al, 2001) For inclusion, these symptoms had to occur For inclusion, these symptoms had to occur first at least 12 months earlier and at sevfirst at least 12 months earlier and at several times within one of the past 3 months. eral times within one of the past 3 months. The presence of late initial prodromal The presence of late initial prodromal #state-relevant symptoms served as an ad#state-relevant symptoms served as an additional exclusion criterion. ditional exclusion criterion.
In line with the ultra-high risk criteria In line with the ultra-high risk criteria (Phillips (Phillips et al et al, 2000) , a late initial prodro-, 2000), a late initial prodromal state was defined by the presence of mal state was defined by the presence of at least any one attenuated psychotic sympat least any one attenuated psychotic symptom (i.e. ideas of reference; odd beliefs or tom (i.e. ideas of reference; odd beliefs or magical thinking; unusual perceptual exmagical thinking; unusual perceptual experiences; odd thinking and speech; suspiperiences; odd thinking and speech; suspiciousness or paranoid ideation) with a ciousness or paranoid ideation) with a score of 3-5 on the Structured Interview score of 3-5 on the Structured Interview of Prodromal Syndromes (SIPS; Miller of Prodromal Syndromes (SIPS; Miller et et al al, 2002) within the past three months, ap-, 2002) within the past three months, appearing several times per week for a period pearing several times per week for a period of at least 1 week, or the presence of at least of at least 1 week, or the presence of at least one transient, spontaneously resolving psyone transient, spontaneously resolving psychotic symptom (brief limited intermittent chotic symptom (brief limited intermittent psychotic symptoms, i.e. hallucinations; depsychotic symptoms, i.e. hallucinations; delusions; formal thought disorder; gross dislusions; formal thought disorder; gross disorganised or catatonic behaviour) with a organised or catatonic behaviour) with a score of at least 4 for less than 1 week (inscore of at least 4 for less than 1 week (interval between episodes at least 1 week) as terval between episodes at least 1 week) as assessed with the Positive and Negative assessed with the Positive and Negative Syndrome Scale (PANSS; Kay Syndrome Scale (PANSS; Kay et al et al, 1987) . , 1987). The presence of early initial prodromal The presence of early initial prodromal state-relevant basic symptoms did not serve state-relevant basic symptoms did not serve as an exclusion criterion in this group. as an exclusion criterion in this group.
Exclusion criteria for both groups were: Exclusion criteria for both groups were:
. . current or past diagnosis of any psycurrent or past diagnosis of any psychotic disorder according to DSM-IV chotic disorder according to DSM-IV criteria (American Psychiatric Associacriteria (American Psychiatric Association, 1994 ) tion, 1994 . . diagnosis of delirium, dementia, diagnosis of delirium, dementia, amnestic or other cognitive disorder, amnestic or other cognitive disorder, mental retardation, psychiatric disormental retardation, psychiatric disorders due to a somatic factor or related ders due to a somatic factor or related to psychotropic substances according to psychotropic substances according to DSM-IV to DSM-IV .
. alcohol or drug abuse within the past 3 alcohol or drug abuse within the past 3 months according to DSM-IV months according to DSM-IV .
. diseases of the central nervous system diseases of the central nervous system (inflammatory, traumatic, epileptic).
(inflammatory, traumatic, epileptic).
Participants Participants
One hundred and two subjects seeking One hundred and two subjects seeking help for mental problems at the Early help for mental problems at the Early s 4 3 s 4 3
B R I T I S H J O UR N A L O F P S YC H I AT RY B R I T I S H J O UR N A L O F P SYC HI
AT RY ( 2 0 0 7 ) , 1 9 1 ( s u p p l . 51 ) , s 4 3^s 5 1. d o i : 1 0 . 11 9 2 / b j p . 1 9 1 . 5 1. s 4 3 ( 2 0 0 7 ) , 1 9 1 ( s u p p l . 5 1 ) , s 4 3^s 5 1 . d o i : 1 0 .11 9 2 / b j p .1 9 1 . 5 1 . 
Instruments Instruments
Subjective psychopathology Subjective psychopathology Subtle, self-experienced, self-reported disSubtle, self-experienced, self-reported disturbances in attention, memory functions, turbances in attention, memory functions, thought processes, speech, auditory and thought processes, speech, auditory and visual perception as well as stress tolerance visual perception as well as stress tolerance and basic mood that often remain solely in and basic mood that often remain solely in the self-perception of the patient and not the self-perception of the patient and not evidenced in behaviour, i.e. basic sympevidenced in behaviour, i.e. basic symptoms, were assessed with the 'Schizophrenia toms, were assessed with the 'Schizophrenia Proneness Instrument, Adult version' (SPI-A; Proneness Instrument, Adult version' (SPI-A; Schultze-Lutter Schultze- Lutter et al et al, 2007) , which consists , 2007), which consists of six sub-scales. Five of them, i.e. affectiveof six sub-scales. Five of them, i.e. affectivedynamic disturbances, cognitive-attentional dynamic disturbances, cognitive-attentional impediments, cognitive disturbances, disimpediments, cognitive disturbances, disturbances in experiencing self and surturbances in experiencing self and surroundings, and perception disturbances, roundings, and perception disturbances, were used for the correlational analyses; were used for the correlational analyses; the sixth, body perception disturbances, the sixth, body perception disturbances, was not included in the analyses as no was not included in the analyses as no association between these coenesthetic association between these coenesthetic disturbances and psychological performdisturbances and psychological performances was expected. The SPI-A is a semiances was expected. The SPI-A is a semistructured interview and was conducted structured interview and was conducted by medical or psychological staff members by medical or psychological staff members of the FETZ who are well trained and of the FETZ who are well trained and experienced in the assessment of basic experienced in the assessment of basic symptoms. symptoms.
Objective neuropsychological measures Objective neuropsychological measures
The neurocognitive test battery was conThe neurocognitive test battery was conducted by fully qualified neuropsychducted by fully qualified neuropsychologists and took approximately 2.5 h to ologists and took approximately 2.5 h to complete. Patients were usually tested on 2 complete. Patients were usually tested on 2 successive days in the morning to minimise successive days in the morning to minimise fatigue. fatigue.
Patternrecognition Patternrecognition. A computerised version
. A computerised version of a visual backward masking task with of a visual backward masking task with letters F, H, or T as target stimuli and one letters F, H, or T as target stimuli and one of four masking conditions, i.e. random of four masking conditions, i.e. random dot pattern or letter pattern masking stimudot pattern or letter pattern masking stimulus after short (42.75 ms) or long (104 ms) lus after short (42.75 ms) or long (104 ms) inter-stimulus intervals, provided a measure inter-stimulus intervals, provided a measure of visual information-processing in terms of of visual information-processing in terms of the number of hits. The session consisted of the number of hits. The session consisted of 3 blocks of 30 trials each, including 6 trials 3 blocks of 30 trials each, including 6 trials of each masking condition and 6 no-mask of each masking condition and 6 no-mask control trials presented in random order. control trials presented in random order. A dual tasking paradigm requiring the A dual tasking paradigm requiring the simultaneous solution of a visual and simultaneous solution of a visual and auditory task provided a measure of diauditory task provided a measure of divided attention. In the first session, particivided attention. In the first session, participants were instructed to pay 80% of their pants were instructed to pay 80% of their attention to the visual task, and during attention to the visual task, and during the second session to pay 80% of their atthe second session to pay 80% of their attention to the auditory task. In both sestention to the auditory task. In both sessions the number of correct responses to sions the number of correct responses to the auditory task was recorded; correct the auditory task was recorded; correct responses in the responses in the second session were chosen second session were chosen for the analyses. for the analyses. of alternating letters and numbers read to of alternating letters and numbers read to them, and to separately recall the letters them, and to separately recall the letters and numbers in ascending orders. As a meaand numbers in ascending orders. As a measure of working memory, during each trial sure of working memory, during each trial of a computerised version of the Subject of a computerised version of the Subject Ordered Pointing Task (SOPT, Petrides, Ordered Pointing Task (SOPT, Petrides, 1995) participants had to point to 1 of 12 1995) participants had to point to 1 of 12 objects, and the relative positions of the obobjects, and the relative positions of the objects varied randomly across trials. Across 3 jects varied randomly across trials. Across 3 sessions of 12 trials the number of errors, sessions of 12 trials the number of errors, i.e. pointing to an object already chosen i.e. pointing to an object already chosen on a previous trial, was calculated. Within on a previous trial, was calculated. Within each trial of the Delayed Response Task each trial of the Delayed Response Task (Pukrop (Pukrop et al et al, 2003) for spatial working , 2003) for spatial working memory, a black dot was presented for memory, a black dot was presented for 200 ms at 1 of 16 possible positions of a 200 ms at 1 of 16 possible positions of a circle followed by two delay conditions circle followed by two delay conditions (5 s, 15 s). During the delay period, parti-(5 s, 15 s). During the delay period, participants had to solve arithmetic distractor cipants had to solve arithmetic distractor tasks, and after the delay they were retasks, and after the delay they were required to indicate on a touch-sensitive quired to indicate on a touch-sensitive monitor the position of the dot previously monitor the position of the dot previously presented in order to determine the presented in order to determine the Eucledian distance to the target. Eucledian distance to the target. Heaton et al et al, 1993 Heaton et al et al, ) provided , 1993 ) provided a measure of executive functions in terms of a measure of executive functions in terms of set shifting and problem-solving. Verbal exset shifting and problem-solving. Verbal executive functions were measured by a verecutive functions were measured by a verbal fluency task, i.e. the mean sum of five bal fluency task, i.e. the mean sum of five lexical and semantic category tasks. lexical and semantic category tasks.
Data analysis Data analysis
For reasons of statistical power, the number For reasons of statistical power, the number of comparisons and correlations was limited of comparisons and correlations was limited by using only the five SPI-A sub-syndromes by using only the five SPI-A sub-syndromes and on one score for each neuropsychologiand on one score for each neuropsychological test, i.e. 13 neurocognitive test paracal test, i.e. 13 neurocognitive test parameters (see Table 2 ). To detect differences meters (see Table 2 ). To detect differences in subjective and objective cognitive deficits in subjective and objective cognitive deficits between different stages of the prodrome, between different stages of the prodrome, group comparison between participants group comparison between participants with early and late initial prodromal states with early and late initial prodromal states were carried out. As SPI-A sub-syndromes were carried out. As SPI-A sub-syndromes are totals of ordinal data and a substantial are totals of ordinal data and a substantial proportion of neurocognitive data lacked proportion of neurocognitive data lacked normal distribution, this was generally normal distribution, this was generally done by Mann-Whitney tests. Adjustment done by Mann-Whitney tests. Adjustment for multiple testing according to Holm's sefor multiple testing according to Holm's sequential method (Holm, 1979) was carried quential method (Holm, 1979) was carried out separately across the 13 neurocognitive out separately across the 13 neurocognitive and 5 psychopathologic comparisons. and 5 psychopathologic comparisons.
Spearman correlation analyses of subSpearman correlation analyses of subjective and objective data were employed jective and objective data were employed to detect associations between self-reported to detect associations between self-reported cognitive disturbances and performance in cognitive disturbances and performance in neurocognitive tests across all participants neurocognitive tests across all participants at risk as well as separately for participants at risk as well as separately for participants with an early and a late initial prodrome to with an early and a late initial prodrome to determine if there were associations specific determine if there were associations specific s 4 5 s 4 5 AUTHOR'S PROOF AUTHOR'S PROOF AUTHOR'S PROOF AUTHOR'S PROOF to one or other of the two groups. Furtherto one or other of the two groups. Furthermore, to detect potential common factors more, to detect potential common factors of subjective and objective cognitive deficits, of subjective and objective cognitive deficits, a factor a factor analysis (principal component anaanalysis (principal component analysis with varimax rotation) was perlysis with varimax rotation) was performed. formed.
RESULTS RESULTS
Group comparisons Group comparisons
Participants with an early initial prodrome Participants with an early initial prodrome reported less severe disturbances, therefore reported less severe disturbances, therefore participants with an early and those with participants with an early and those with a late initial prodromal state differed signifa late initial prodromal state differed significantly on all SPI-A sub-scales with the exicantly on all SPI-A sub-scales with the exception of perception disturbances, which ception of perception disturbances, which were the least endorsed of all sub-scales were the least endorsed of all sub-scales in both groups (Fig. 1) . This finding rein both groups (Fig. 1) . This finding remained even after adjustment for multiple mained even after adjustment for multiple testing with disturbances in experiencing self testing with disturbances in experiencing self and surroundings differing most significantly and surroundings differing most significantly ( (P P(adjusted) (adjusted)¼0.00035), followed by cog-0.00035), followed by cognitive disturbances ( nitive disturbances (P P(adjusted) (adjusted)¼0.004), 0.004), affective-dynamic disturbances ( affective-dynamic disturbances (P P(adjusted) (adjusted) ¼0.006) and, finally, by cognitive-0.006) and, finally, by cognitiveattentional attentional impediments ( impediments (P P(adjusted) (adjusted)¼ 0.010). 0.010).
Despite participants with an early initiDespite participants with an early initial prodrome performing slightly better than al prodrome performing slightly better than those with a late initial prodrome in every those with a late initial prodrome in every task, the two groups did not differ signifitask, the two groups did not differ significantly in performance on the neurocognicantly in performance on the neurocognitive tests except in executive function as tive tests except in executive function as assessed by the percentage of perseverative assessed by the percentage of perseverative and non-perseverative errors in the WCST. and non-perseverative errors in the WCST. The early initial prodrome group (Fig. 2) The early initial prodrome group (Fig. 2) had significantly fewer errors. However this had significantly fewer errors. However this difference was no longer significant after difference was no longer significant after adjusting for multiple testing ( adjusting for multiple testing (P P(adjusted) (adjusted) ¼0.286). 0.286).
Associations between subjective Associations between subjective and objective measures and objective measures
Within the whole at-risk sample, there were Within the whole at-risk sample, there were a few small but significant correlations of a a few small but significant correlations of a less than moderate effect size ( less than moderate effect size (r r5 50.3; 0.3; Bortz, 1999) (Table 2) . (Table 2 ). The general independence of subjective The general independence of subjective and objective deficits was also supported and objective deficits was also supported by the result of the factor analysis of the by the result of the factor analysis of the whole sample that converged after six iterwhole sample that converged after six iterations and generated a five-factor solution ations and generated a five-factor solution with 63.75% explained variance. Herein, with 63.75% explained variance. Herein, the SPI-A sub-scales formed a factor of the SPI-A sub-scales formed a factor of their own explaining 18.63% of the vartheir own explaining 18.63% of the variance, and the 13 neurocognitive paraiance, and the 13 neurocognitive parameters framed altogether 4 factors of 5 to meters framed altogether 4 factors of 5 to 2 included tests explaining between 15.26 2 included tests explaining between 15.26 and 5.84% of variance. and 5.84% of variance.
Examining correlations between subjecExamining correlations between subjective and objective measures separately for tive and objective measures separately for participants with an early and a late initial participants with an early and a late initial prodrome revealed that the association of prodrome revealed that the association of the SPI-A affective-dynamic sub-syndrome the SPI-A affective-dynamic sub-syndrome and neurocognitive performance was and neurocognitive performance was stronger in participants with an early prostronger in participants with an early prodrome in which correlations of at least drome in which correlations of at least moderate effect were demonstrated not moderate effect were demonstrated not only for the three tasks but also for the only for the three tasks but also for the CPT and the delayed response task, both CPT and the delayed response task, both of which involve a speed element (Table  of which involve a speed element (Table  3) . Only two of the three correlations found 3). Only two of the three correlations found for the whole sample reoccurred in the late for the whole sample reoccurred in the late initial prodromal state, with no significant initial prodromal state, with no significant correlation between affective-dynamic correlation between affective-dynamic disturbances and Trail-Making Test B disturbances and Trail-Making Test B (Table 3) . (Table 3) .
Similar to the whole sample, correlSimilar to the whole sample, correlations of the affective-dynamic sub-scale ations of the affective-dynamic sub-scale and test performance at an item level were and test performance at an item level were mainly due to self-reported reduced stress mainly due to self-reported reduced stress tolerance in the early initial prodromal tolerance in the early initial prodromal state group, where they showed moderate state group, where they showed moderate to strong effects (Table 4) . Within the late to strong effects (Table 4) . Within the late initial prodrome group, however, signifiinitial prodrome group, however, significant correlations at an item level became cant correlations at an item level became less frequent and more influenced by affect less frequent and more influenced by affect in that there are moderate correlations in that there are moderate correlations between dual tasking and mainly affective between dual tasking and mainly affective items of this sub-scale (Table 4) . Again, as items of this sub-scale (Table 4) . Again, as in the whole sample, correlations with this in the whole sample, correlations with this affective-dynamic sub-scale were in the affective-dynamic sub-scale were in the expected direction. expected direction.
In addition, there were few and inconIn addition, there were few and inconsistent significant correlations between cogsistent significant correlations between cognitive disturbances and pattern recognition nitive disturbances and pattern recognition (114 ms ISI, noise masking) and divided at-(114 ms ISI, noise masking) and divided attention (dual tasking), respectively, in the tention (dual tasking), respectively, in the early initial prodrome group and between early initial prodrome group and between perception disturbances and pattern recogperception disturbances and pattern recognition (42.75 ms ISI, noise masking) and nition (42.75 ms ISI, noise masking) and executive function as measured by WCSTexecutive function as measured by WCSTpercentage of errors in the late initial propercentage of errors in the late initial prodrome group (Table 3) . Except for dual drome group (Table 3) . Except for dual tasking in an early initial prodromal state, tasking in an early initial prodromal state, where a lower test performance was assowhere a lower test performance was associated with more severe subjective cognitive ciated with more severe subjective cognitive disturbances, contrary to expectations betdisturbances, contrary to expectations better test performance on neurocognitive ter test performance on neurocognitive measures was associated with more severe measures was associated with more severe cognitive-perceptive basic symptoms. At cognitive-perceptive basic symptoms. At the single item level of these four sub-scales, the single item level of these four sub-scales, correlations with neurocognitive paracorrelations with neurocognitive parameters were rare and so scattered that, with meters were rare and so scattered that, with regard to the large number of 22 regard to the large number of 226 613 corre-13 correlations, they have to be considered random. lations, they have to be considered random.
DISCUSSION DISCUSSION
Based on findings on time until conversion Based on findings on time until conversion to psychosis in prodromal samples as deto psychosis in prodromal samples as defined by basic symptoms (Klosterkotter fined by basic symptoms (Klosterkö tter et et al al, 2001 ) and the ultra-high risk criteria , 2001) and the ultra-high risk criteria (e.g. Phillips (e.g. Phillips et al et al, 2000; Miller , 2000; Miller et al et al, , 2002) , a two-stage definition of the psy-2002), a two-stage definition of the psychosis prodrome was developed proposing chosis prodrome was developed proposing an early and a late initial prodromal state; an early and a late initial prodromal state; Ruhrmann Ruhrmann et al et al, 2003) . As would be ex-, 2003). As would be expected from this definition, the present data pected from this definition, the present data showed that the early initial prodromal showed that the early initial prodromal state group was generally less impaired state group was generally less impaired s 4 8 s 4 8 AUTHOR'S PROOF AUTHOR'S PROOF Fig. 1 Comparison of group means of the SPI^A subscale totals between participants with an early
Comparison of group means of the SPI^A subscale totals between participants with an early and a and a late late initial prodromal state. * initial prodromal state. *P P¼0.005, ** 0.005, **P P¼0.002, *** 0.002, ***P P¼0.001, **** 0.001, ****P P¼0.00007. 0.00007. However, results on pattern recognition However, results on pattern recognition and especially on spatial working memory and especially on spatial working memory remain inconsistent. In one of our own sturemain inconsistent. In one of our own studies (Pukrop dies (Pukrop et al et al, 2006) , neither partici-, 2006), neither participants with an early initial prodromal state pants with an early initial prodromal state ( (n n¼38) nor those with a late initial prodro-38) nor those with a late initial prodromal state ( mal state (n n¼90) had shown significant 90) had shown significant underperformance in pattern recognition. underperformance in pattern recognition. Broadly in line with this, participants with Broadly in line with this, participants with ultra-high risk were reported to not differ ultra-high risk were reported to not differ from controls in a pre-attentive perceptual from controls in a pre-attentive perceptual organisation task similar to the pattern reorganisation task similar to the pattern recognition task (Silverstein cognition task (Silverstein et al et al, 2006 (Silverstein et al et al, ). , 2006 ). Yet, 10 at-risk participants with schizotypy Yet, 10 at-risk participants with schizotypy performed significantly better than controls performed significantly better than controls in a visual binding test (Parnas in a visual binding test (Parnas et al et al, 2001) , 2001) that is also considered to test pre-attentive that is also considered to test pre-attentive perceptual organisation (Silverstein perceptual organisation (Silverstein et al et al, , 2006) . The most inconsistencies occurred 2006). The most inconsistencies occurred in studies assessing spatial working memin studies assessing spatial working memory performance. In some studies (Parnas ory performance. In some studies (Parnas et al et al, 2001; Pukrop , 2001; Pukrop et al et al, 2006) there were , 2006) there were no differences between subjects and conno differences between subjects and controls; in one ultra-high risk sample (Wood trols; in one ultra-high risk sample (Wood et al et al, 2003) subjects performed more , 2003) subjects performed more poorly, and in another, participants with poorly, and in another, participants with ultra-high risk performed at a higher level ultra-high risk performed at a higher level than norms (Hawkins than norms (Hawkins et al et al, 2004 (Hawkins et al et al, ). , 2004 . With the observed neurocognitive proWith the observed neurocognitive profile of at-risk subjects being only marginally file of at-risk subjects being only marginally affected by socio-demographic and clinical affected by socio-demographic and clinical characteristics (Niendam characteristics (Niendam et al et al, 2006; , 2006; Pukrop Pukrop et al et al, 2006; Silverstein , 2006; Silverstein et al et al, , 2006) , the findings so far were thought to 2006), the findings so far were thought to be consistent with a primary involvement be consistent with a primary involvement of left fronto-temporal networks in the of left fronto-temporal networks in the prodromal phase (Niendam prodromal phase (Niendam et al et al, 2006; , 2006; Pukrop Pukrop et al et al, 2006) . , 2006). The focus of this current study is on the The focus of this current study is on the association between cognitive performance association between cognitive performance and self-perceived cognitive disturbances. and self-perceived cognitive disturbances. The result in the late initial prodromal state The result in the late initial prodromal state group is in line with earlier findings group is in line with earlier findings showing no correlation between attenuated showing no correlation between attenuated negative symptoms as measured with the negative symptoms as measured with the SIPS and motor speed, verbal learning and SIPS and motor speed, verbal learning and memory, verbal working memory, visual memory, verbal working memory, visual learning and memory, reasoning and prolearning and memory, reasoning and problem solving and processing speed in partiblem solving and processing speed in participants with ultra-high risk (Niendam cipants with ultra-high risk (Niendam et al et al, , 2006) . As attenuated and brief limited in-2006). As attenuated and brief limited intermittent psychotic symptoms were defintermittent psychotic symptoms were defining 97% of these 45 participants with ing 97% of these 45 participants with ultra-high risk and 4 of the 6 SIPS negative ultra-high risk and 4 of the 6 SIPS negative items involve aspects of reduced stress tolitems involve aspects of reduced stress tolerance erance and constricted affect, results in this and constricted affect, results in this study of the participants with a late initial study of the participants with a late initial prodromal state and affective-dynamic prodromal state and affective-dynamic disturbances are comparable. Previously, disturbances are comparable. Previously, Wood Wood et al et al (2003) also failed to show a signif-(2003) also failed to show a significant correlation between negative symptoms icant correlation between negative symptoms as assessed by the Schedule for Assessment as assessed by the Schedule for Assessment of Negative Symptoms total score and of Negative Symptoms total score and spatial working memory in 38 participants spatial working memory in 38 participants with ultra-high risk (73.7% with attenwith ultra-high risk (73.7% with attenuated and brief limited intermittent psyuated and brief limited intermittent psychotic symptoms). However, in this study chotic symptoms). However, in this study examining only the 9 participants that had examining only the 9 participants that had made a transition to psychosis, there was made a transition to psychosis, there was in fact a significant positive correlation in fact a significant positive correlation between the two measures. between the two measures.
Although the association with subjecAlthough the association with subjectively reported affective-dynamic disturbtively reported affective-dynamic disturbances should be examined both ances should be examined both longitudinally and in larger early initial longitudinally and in larger early initial prodromal state samples, our current study prodromal state samples, our current study demonstrates that particularly in an asdemonstrates that particularly in an assumed early stage of an evolving psychosis, sumed early stage of an evolving psychosis, subjectively reduced stress tolerance subjectively reduced stress tolerance appears related to neurocognitive performappears related to neurocognitive performance in tests including a speed element or ance in tests including a speed element or time restriction. Furthermore, it may be time restriction. Furthermore, it may be that this clinically plausible finding might that this clinically plausible finding might prove on an empirical level to occur only prove on an empirical level to occur only within an early state of the prodrome. within an early state of the prodrome.
The second important observation is The second important observation is the fact that no correlation between subjecthe fact that no correlation between subjective cognitive-perceptive disturbances and tive cognitive-perceptive disturbances and performance in neurocognitive tests was performance in neurocognitive tests was evidenced in the at-risk sample. Although evidenced in the at-risk sample. Although correlations between both, cognitivecorrelations between both, cognitiveattentional impediments and cognitive attentional impediments and cognitive disturbances, and divided attention (dual disturbances, and divided attention (dual tasking) and pattern recognition (noise tasking) and pattern recognition (noise s 4 9 s 4 9 masking, 114 ms ISI), respectively, existed masking, 114 ms ISI), respectively, existed in participants with an early initial proin participants with an early initial prodromal state, it was in opposite directions dromal state, it was in opposite directions and thus non-conclusive, especially as both and thus non-conclusive, especially as both involved neurocognitive domains on which involved neurocognitive domains on which at-risk subjects performed in the normal at-risk subjects performed in the normal range. No further associations, which could range. No further associations, which could be considered not random, were detected in be considered not random, were detected in the late initial prodrome group. the late initial prodrome group.
Finally, within the transition sequence Finally, within the transition sequence study on basic symptoms (Klosterkotter, study on basic symptoms (Klosterkö tter, 1992), cognitive basic symptoms were 1992), cognitive basic symptoms were shown to convert to psychotic symptoms shown to convert to psychotic symptoms such as thought insertion, withdrawal and such as thought insertion, withdrawal and broadcast as well as verbal hallucinations, broadcast as well as verbal hallucinations, and perceptual basic symptoms rather to and perceptual basic symptoms rather to delusional perceptions. Thus, our finding delusional perceptions. Thus, our finding that cognitive-perceptive basic symptoms, that cognitive-perceptive basic symptoms, which seem more related to positive than which seem more related to positive than to negative symptoms of psychosis, were to negative symptoms of psychosis, were unrelated to neuropsychological measures unrelated to neuropsychological measures makes sense and is in line with the lack of makes sense and is in line with the lack of relationship between attenuated psychotic relationship between attenuated psychotic symptoms on the SIPS and neurocognitive symptoms on the SIPS and neurocognitive measures in participants with ultra-high measures in participants with ultra-high risk (Niendam risk (Niendam et al et al, 2006) . , 2006). Thus, mean performance levels in obThus, mean performance levels in objective tests did not appear to carry substanjective tests did not appear to carry substantial information on subjectively experienced tial information on subjectively experienced cognitive and perceptive performance. The cognitive and perceptive performance. The impact of this on outcome and whether this impact of this on outcome and whether this will be supported in larger samples needs to will be supported in larger samples needs to be seen in future studies. Furthermore, the be seen in future studies. Furthermore, the neurocognitive test battery was comprised neurocognitive test battery was comprised of tests that detected deficits in patients of tests that detected deficits in patients with manifest psychosis. It may be that with manifest psychosis. It may be that other neuropsychological tests may be more other neuropsychological tests may be more appropriate to examine cognitive deficits in appropriate to examine cognitive deficits in this group. Finally, future studies should this group. Finally, future studies should consider the early initial prodromal state consider the early initial prodromal state group, who are generally less impaired group, who are generally less impaired and who have psychopathological disturband who have psychopathological disturbances that remain on a structural level of ances that remain on a structural level of information processing without influencing information processing without influencing thought content and observed speech (for thought content and observed speech (for example in terms of a paranoid ideation, example in terms of a paranoid ideation, ideas of reference or odd speech), to be a ideas of reference or odd speech), to be a better starting point to study associations of better starting point to study associations of objective and subjective cognitive deficits. objective and subjective cognitive deficits.
However, the apparent lack of associaHowever, the apparent lack of association between symptoms currently used to tion between symptoms currently used to define potentially prodromal states and define potentially prodromal states and neuropsychological measures offers an neuropsychological measures offers an opportunity to refine the predictive power opportunity to refine the predictive power of current prodromal criteria. Only when of current prodromal criteria. Only when information is non-redundant (i.e. when information is non-redundant (i.e. when measures are not highly correlated) might measures are not highly correlated) might adding a measure help to explain more adding a measure help to explain more variance in an outcome such as conversion variance in an outcome such as conversion to psychosis. For such a refinement of to psychosis. For such a refinement of prediction of psychosis, processing speed prediction of psychosis, processing speed as well as verbal memory and fluency seem as well as verbal memory and fluency seem to be the most promising candidates as yet to be the most promising candidates as yet since they have been consistently reported since they have been consistently reported to be deficient in potentially prodromal to be deficient in potentially prodromal states ( In conclusion, our findings generally In conclusion, our findings generally support earlier results showing lack of assosupport earlier results showing lack of association between neurocognitive deficits and ciation between neurocognitive deficits and psychopathologic features in psychosis as psychopathologic features in psychosis as well as a potential association between well as a potential association between these two areas that might be more detectthese two areas that might be more detectable in the very early state of the beginning able in the very early state of the beginning illness. The results generally imply that illness. The results generally imply that there could be a benefit in adding neurothere could be a benefit in adding neurocognitive measures to the currently mainly cognitive measures to the currently mainly symptomatic definitions of the psychosis symptomatic definitions of the psychosis prodrome in order to improve prediction. prodrome in order to improve prediction.
